Innovation/Impact: Our previously described respiratory motion model [1] can predict deformations from images for which deformable image registration (DIR) alone is not adequate, such as correction of motion artifacts in CBCT using reconstructions from sparse projections [2] . We have shown the assumption of two principal components to be valid in a limited number of patient cases in lung [1] but it has not been evaluated in abdomen, where respiration-induced deformation may differ from lung. The types of image sets examined here test the model under different deformation conditions.
The NCAT simulation in this study uses a 5 s respiratory period, 2 cm diaphragm excursion, 0.5 cm anterior-posterior (AP) chest excursion, and generates 10 motion states at 0.5 s intervals. The cumulative ground truth displacements over the 6 simulated motion states (end inspiration (EI) to end expiration (EE)) are compared to the corresponding results from DIR (Figure1 2 nd and 3 rd row) and motion model (Figure1 4 th and 5 th row). The discrepancies in the motion model are similar to those for DIR. The physical deformable abdominal phantom contains radiopaque markers inside the liver. The piston is set to 6 positions varying over 3.5 cm. Evaluation of DIR in liver compares the predicted and observed displacements of 5 markers. In patient image sets, the landmarks consisting of dilated bile ducts, common hepatic duct, surgical clips, stent in common bile duct and liver cysts which are identified in images at EI and EE. A local rigid registration from EI to EE is first performed in a small cubical volume of interest enclosing the landmarks (typically 4cm on a side or less), and the displacements are used as ground truth. We assume that there is little deformation in a VOI of this size and confirm this by inspecting the image match agreement following rigid registration. The DIR is performed using a VOI that encompasses the entire CT image volume. The motion model is calibrated by applying DIR between a reference image set at EE and each of the other images at different motion states and diaphragm apex or implant marker displacements in the superior-inferior direction are used as surrogate signals. The corresponding DIR and motion model displacements from EI to EE are compared to the ground truth. Figure 2 shows that the trajectories from the rigid registration of one patient are shifted approximately 2 mm in the SI direction. This is consistent with the uncertainty in the reproducibilty of rigid registration and the RCCT resolution (2.5 mm slice spacing). The results show the motion model accuracy to be comparable to DIR. 
